ABSTRACT
Near-death experiences and electrocardiogram patterns in out-of-hospital cardiac arrest survivors: a prospective observational study Introduction Near-death experiences (NDEs) are described as deep psychological experiences with feelings of transcendence or mystical encounter that typically occur in persons close to death or in situations of intense physical or emotional danger. (1) Such situations are cardiac arrest, hypovolemic, septic or anaphylactic shock, coma due to brain trauma, brain haemorrhage, cerebrovascular insult, suicide attempt, and near-drowning. (2) However, the most appropriate condition for studying NDEs seems to be cardiac arrest because during it a person is clinically dead (3) and therefore most close to death. The incidence of NDEs in cardiac arrest patients is between 11 and 23%. (2, (4) (5) (6) Previous studies have demonstrated a possible association between higher incidence of NDEs and younger patients, (2, (5) (6) (7) higher partial pressure of oxygen in arterial blood (paO 2 ) (2) and previous NDEs. (6) Several theories have tried to explain the possible role of some physiologic factors in NDEs. Cerebral hypoxia or anoxia might be important because of their effect on the temporal and parietal parts of the brain and also on the prefrontal part of the cerebral cortex, which assumingly alters the perceptions of own body and induces mystical experiences. (8) Cerebral accumulation of carbon dioxide (CO 2 ) might also be important since CO 2 could induce unusual experiences in the form of bright light, visions, mystical experiences and out-of-body sensations. (4,9) Some authors also proposed a possible role of some endogenous (endorphins and serotonin) (9-11) and exogenous (ketamine, ether, LSD) (12,13) substances. The temporal lobe and limbic system could also play a role, mostly because it has already been demonstrated that the stimulation of these parts of the brain induces NDE-like experiences. (14, 15) So far, none of the studies and theories have completely explained the phenomenon of NDEs. The aim of this study was to investigate the association of various factors that are a part of cardiac arrest and resuscitation with the incidence of NDEs. An effect of blood gases and electrolytes on NDEs has already been demonstrated. (16) This article describes additional factors during cardiac arrest and resuscitation that could be important in the light of NDEs. 
Materials and methods

Data collection
Data collection consisted of two parts. First, a member of a research team interviewed the patients and obtained the following data: sex, age, level of education, religious beliefs, previous NDEs, and fear of death before and 
Results
In the observed period of time, resuscitation was attempted in 426 patients. ROSC was observed in 178 (41.8%) patients. Out of that, 76 (43.0%) patients were discharged alive from hospital. Of those, 24 (31.6%) patients did not meet the inclusion criteria or were unwilling to cooperate. So, the study included 52 patients. NDEs were reported by 11 (21.2%) of them. The mean ± standard deviation of NDE score for all patients was 3.2 ± 5.0 points. The average NDE score for patients in the NDE group was 11.5 ± 4.4, and in the non-NDE group 0.9 ± 1.6 points. The average age of the patients was 53.1 ± 14.5 years. The average age of the patients in the NDE group was 57.9 ± 13.8, and in the non-NDE group 51.8 ± 14.6 years (P = 0.217). The average time until the beginning of resuscitation was 4.2 ± 3.7 minutes; 3.5 ± 3.6 for the NDE group and 4.3 ± 3.7 for the non-NDE group (P = 0.479). The average time until ROSC was 8.7 ± 5.6 minutes; 8.3 ± 6.7 minutes for the NDE group and 8.8 ± 5.3 for the non-NDE group (P = 0.772). In the majority of patients, ventricular fibrillation was found as the initial heart rhythm at the start of resuscitation ( Table 1 (27) The principle findings of our study showed that patients with NDEs had a significantly higher petCO 2 in comparison to patients without NDEs. (16) Therefore we can assume that NDEs are more common in patients with an asphyxia cardiac arrest mechanism (with ECG pattern of asystole or PEA) or, as demonstrated in our study, in primary cardiac arrest patients with the asphyxia dying model. At the moment, we have no satisfactory explanation for the possible association between ECG pattern and the incidence of NDEs. The most likely explanation would be that the ECG pattern and NDEs are connected indirectly -through petCO 2 .
Another possible explanation for our finding could be the connection between the severity of a life-threatening situation and NDEs. All previous studies showed that the survival rate of patients with VF/VT cardiac arrest pattern or with a pattern that required defibrillation was significantly higher in comparison to patients that had other ECG patterns. (28, 29) One previous study of NDEs showed that the severity of a lifethreatening situation is associated with a higher incidence of NDEs. (6) Therefore, the results of our study on the association between ECG pattern and the incidence of NDEs might confirm the assumption that more NDEs occur in patients who found themselves "closer to death" or have a lesser possibility for survival. (6) The explanation for the result that the patients without any defibrillation attempt had more NDE most probably lies in the resuscitation protocol.
Namely, cardiac arrest victims with VF/ VT must be defibrillated. (30) The main strength of our study is its prospective design. With a consecutive recruitment of patients and the inclusion of three of the largest Slovenian hospitals, the selection bias was reduced as much as possible. The use of a standardised scale for NDEs ensures the consistency of NDEs reports. The number of patients in the sample group is the main weakness of our study. Therefore, some important differences might have been overlooked and the results should be interpreted with care. Also, we should bear in mind that our sample consisted only of patients that had a cardiogenic (primary) cardiac arrest and that the asphyxia complications after the primary cardiac arrest were not recorded. So, the assumption about the asphyxia ECG pattern and the incidence of NDEs should be interpreted with caution . Another limitation of the study is the lack of ECG monitoring throughout the whole period of resuscitation, that is, information about a possible ECG pattern change. It is obvious that, based on the results of our study, we cannot claim that the ECG pattern in cardiac arrest patients at the start of resuscitation is a causative factor for NDEs. It is very much possible that the association between ECG pattern and the incidence of NDEs exists because of petCO 2 which has also been found to be associated with the incidence of NDEs. (16) 
